US007885069B2
a2y United States Patent (10) Patent No.: US 7.885,069 B2
Fredericksen et al. 45) Date of Patent: Feb. 8, 2011

(54) IMPLEMENTING ADAPTABLE THREE (56) References Cited

PHASE MODULAR LINE FILTERING UUS PATENT DOCUMENTS

(75) Inventors: Ross T. ]:?redericl(sen:J MﬂﬂtOI’Vﬂlej MN 6,301,130 B1* 10/2001 Aielloetal. .................. 363/37
(US); Edward C. Gillard, Mantorville 2003/0162442 Al* 82003 Panella ....................... 439/608
MN (US); Don A. Gilliland, Rochester 2009/0161335 Al*  6/2009 Lietal. .....ccoeeeeneneen. 361/818
MN (US)

_ _ _ _ * cited by examiner
(73) Assignee: International Business Machines

Corporation, Armonk, NY (US) Primary Examiner—Phuong K Dinh
(74) Attorney, Agent, or Firm—IJoan Pennington

(*) Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 61 days.

(57) ABSTRACT

A modular line filter connector 1s provided for implementing

(21) Appl. No.: 12/478,175 adaptable three-phase power filtering. A plurality of selected
modular components defines the modular line filter connec-
(22) Filed: Jun. 4, 2009 tor. The modular line filter connector includes a pair of outer
cylinders providing power {filtering connections including,
(65) Prior Publication Data for example, line-to-line connections, line-to-common con-

nections, common-to-protective earth connections, and line-
to-protective earth connections. The selected modular com-
ponents are mounted between the pair of outer cylinders and
disposed along the length of the modular line filter connector.

US 2010/0311275 Al Dec. 9, 2010

(51) Int.CL

HOSK 7720 (2006.01) Different modular components are selected to adapt the
(52) US.CL .., 361/695; 363/44 modular line filter connector for different filtering applica-
(358) Field of Classification Search ................. 361/818, tions.
361/693,°717; 363/40—44
See application file for complete search history. 20 Claims, 11 Drawing Sheets
100
506
504
P ﬁﬁ%“‘* \\
.;‘.'..R R \'-\_‘ ) :
500 2. il
i ﬁ
e
304
) .\‘. s ﬁ
306 4
302 ak
a04 >0

308



U.S. Patent Feb. 8, 2011 Sheet 1 of 11 US 7,885,069 B2

COMMON

101 102 103

M
|

110

PROTECTIVE EARTH (CHASSIS)

111 112

G, 1



U.S. Patent Feb. 8, 2011 Sheet 2 of 11 US 7,885,069 B2

L]
- - -

EY
- - o
L

T,

T
-

[
1 = . n B HET N
HE I B E %7

+ + ¥

'
r . + +
R . CE T L] L] + + + +
o = = . -
4 r - r
L I I R Y
= e T r oy wm ow a
4 7 77+ 1 Fum i Al LI
TTTTTA
L L TE R B T R
S v v r e oy mm s rrrrT TR TR
o n mm B homm bk nomok b ok ok aomomo
. TFTE W oo oww LR T T T R N
_____ - [ Y - [y

F.I'IIII

A
e

1w
= oo

LI
L | I.-I.‘I.‘I‘I*I'la'l"l ] l‘ I.I
[

L LI T B D MR R R |
= mmom

i

A

SRR

L N LI
R R AN LN

i

+ d F B FFFFFPFPF S 3 gy g4

=
b h"ﬂilll_‘it‘i L‘i L"l o

T
" ‘.I‘I.I"I =¥ ®TT

L]
ok R W T b B YT A

R R [ Al Ry Tl Vi T i Tl R R
L]

B Ed bk ok ok ok

‘.‘
-
S
S
LI o ] Ll L |
Tt L] 1 " o
A I I R = mmmam m e o= ommega e e e e e
RN Faoaoa - m
B T T T R e R T R I - .- BRI
"
‘ . T 1 " mow oW o1 [T I R B I A LI T I | 4 A A
||..:_ I B T B SR .= LRI T 2t o '
LI N T R B N ] LI ] = = = E = B L o®m L T N I kb mm
l‘h T E N R T I R N R TR
P e s = m o= o= s = x s o = s s x s mw . LI R R A e A T e S T I N Ll R ]
R R R RN T e B -
\I LT N DA B B L‘lllll 4 % % % % % 8% &K bk & F :‘:‘:‘:‘:‘."" .:-:‘l‘~.~‘~-|-|‘1-b‘*“
E.I'||IIIll‘h‘l‘llilil*lllllllll ] R R RN R N N N
P I T i T T T R A - LI I EEEEEEE R "
.H LI I-I-I L B I L I | -|.'|-'| - '|-'|-I-I.I .'| v i %" %" %" 4 441 WA 'l.lll LI B W l.:l:.l““““.‘.l"'l H B m a4
T T T T N T e e R T T T T e N e R - l_..:...:...:'.-:'.'l - " a - lmﬁ
AT T T T N e e et e e T e T T e - I A -__:,-ﬂ_ _'-"-."-"-'R %H'-'::ﬁxb:‘. :'-.'-
P R I
et e e e e e e T T T T T e e e e T Vatate R R "l‘l'l_:l_. . .::::::::::::::I_.l_ o :::l - I_.l_.l.-_l::::::::::::."l_
L N N | LN LI L N L L P DL L B B LRI L I L | ] |
= = = 8 mn &2 & mw = m b b b b b Bk B & 5 = = i | S LEn .l. u || L]
A R NN RN LN LR L
% bk F o b B8N 4 4+ YRR 14 & LI
L T T T R e W e ] n [
L T E AR EEE E E E E ] - . -
4+ % 4 4 %9 E Y W ! BB E & 4 4 4 4 4% %% 4 + + + + + + 4
- LU N I R L B A q-:
- C I I -.. .-.

r

F
+ 4 4
r
+ 4 4
L)

+
+ +
+
+

+
+

+ +
+ +

LI J
-+
4 +
= a4
4

L]

1
s
4
o
4
1
LT
LI N B B
4
1
4
-
d

L]
4
4
4
4
4
4
1
o

b
[}
.
FoF
ok
FoE
L
ror
= .

F
r
=

o “ﬁ

.' N "-».“;'}}:_\“«::“"-b\‘ N

| ﬁﬁ%ﬁﬁﬁﬁﬂ SRR
'

L W | L |
LN
L |

LN
L1

- m
L a
L

L

L

2. .
wwom d d o kok A N FF
*r v r FIrkrrr
LR N
- RN
% d = = = I B R & bk i 1
'

A, ..
F h &b s s mw b & &4 b
Voo

LI

S ’ " . _-_-_ T \
G i N NNy
AREARE " “-.“.,,.""I-"..".'T'.r 1-‘. N e - e . ) s - T, pln

a1 r P ® . B -
.'-""l H EE Y I g %% kK kNN

1 " F F
a

a L
o= o= o= o=
] L

]
L]
-
-

'
T

. . . Ca

B S . . n - .

L e . N =

n
TAMN 1 11 B m E %" v rk B EE
T | - mmoE R RLEEm
5= F E N

H & HE BN I BN
HE EEY

[ ]
L R
IIIIIIIIII

FF+ ¥ o
e

L

L] " B & B BN R ER
b bk b B ES A&

- [

. . -
L L I R | '
Foeot v .

214 212

204




U.S. Patent Feb. 8, 2011 Sheet 3 0of 11

A B P F ¥ I I B m &=

I+riilll'llllll

US 7,885,069 B2

A # & r F F R F F LB &R A &0 08
4 4 4 H F & B I BN I N E EER G

LI |

. - == om

- ‘-I.* 1_‘1“#‘1 1*1
- kA ok

- -

-
-

L B

=
-

L] i_‘1+1.i+1.
LI W -l ok A
L]

+
LN
[

-
L]
-

s

B 4 » + 4 A F F U F 4 A SR FPFEEFEYRE SRR
= F F

" 4+ F & 4 4 F ¥ R F F I g Fd4F F I B EEEE R FTBR

r - =
I ¥ ¥ ¥ T FryErFrirraT =
= T T W - T mw T FT7 T FET T OE N

- e = = T - - - -
H sy 71 T8 F 7T T7TF1™n8
Ll =T T = T T rwmoT rom

- . - -
'!"I"'I*'"!"lh
- r =mw = F T =

s = a2 md oa m g

11111'-'1-1-'-'!"1"r|-

LR | o L]
a m d m
r = F =



U.S. Patent Feb. 8, 2011 Sheet 4 of 11 US 7,885,069 B2

SO

400 -

| ] +
AL PR PR
F B " " rFrr
* P F IR ERP

HE F R ¥ E ¥ E R FEY R4

1 &
LY
L Y
lill‘i Iiiil I‘ *I“
11. - l.-'-l - l'-l +
"= omom

* % r r* T3IT T TET T FPT
4w q = r 7 = T 3 = =3 0 r

. S . - m mm -
n e =
L] 4 r 4 = * "= rs r*rs T r-3
L |

1 4 4 % WM R M N
4 &% 4% B % % I %" B E kR I N NEN
LI I NIE N AN ERENE NI | |
4 4 % 1 m .

f = o=

]

-

F 4 E + F R AW
4 4w boa

- W

L L N B
LRI LT B

h ..

« m o om om o

4 F

rFTFrFTr

+

t
- r 4

- . .
.,,..I.,.. . P - P .
L

-
L]

- F ¥
- B

4




U.S. Patent Feb. 8, 2011 eet 5 of 11 US 7.885,069 B2

* + m * h W B AN
I.‘lri.i- LN N

+F 4 F

L]
IJ‘I-I-J..I------F

4 &+ & » F F £ FFFFFrFrFryYyrrFrraones
T & d 4 & 2 4 & FF FFEF¥Frrrraoesaaan

- =
LI LN N
.
Taww N
r
r
r
*
- F F "= rmws
L2

[ %

L] a h
' 4 & L & B & & B & &4 & B & &4 &4 0 A A8 AN d EE &R E&EEE S R L B B B b b k&
[ 9 u B R [ 9

[ ]
d f F F S & 4 F LR

| | Bk
B & B & & I & B & B @ & B & B A & R A N A A B A EEEEEE & b B b B B b
u E

L]

L] L kL h
o ok ok bk BB ok bR R R R R Rk & § & B & & B B d 4 & B B & & & bk B bk b B & B L
L R

.
4 4 4 4 2

i
-+
L)
+
-
Fra

t
* = -
- .
F PP RFFEFEFEFFPFPLFPFPPPTP
o

g
p

-+

+ 4
-
I F R R ENE N NN

e o e

-
ok

F
o

-
-+ 4
- =

L] -
= F * + % B

o+
a H & a &
H I R B N I.I H B B I EE N EEEE RN I.I.I H I B R B E RN I.I.I | |

a4 0 | I
* B 2 F 2 I-F-l ¥ F " F FFrFsyerrrrrr F'FrF " F " FrrFr

L
d d & B & @ & b b & b i i b kb W s " E "Ry w ok
- mm -

T v & vy rrr
r Fr ¥r FrFereTrer
[ I ]

r =

4 ¢ B W F¥FFFrrroey i
4 4+ S 4 A A RF&FFFEFF S
4




U.S. Patent Feb. 8, 2011 Sheet 6 of 11 US 7.885,069 B2

Fd » B % kbW BB
u L |

L | [

% % & +*E LK
LI I u
iilh.lll

- . - m -.'-
d B B B B Bk A Jd & 8 K & b B k& L b add
F B B R A &0 FE N BRON R L LER

L 'l.‘l..'l i'\-‘liI.I | |
B bk o kb b Bk BER
" "R YT RN

L L} ]

I EEEEE R EE R E N
L N R | 4 L]
a 1
L]

F
o W

+
[
-
L]

P NN N NN

w o b e b o wr &

i‘lii!l-'ii"
-
L]

L]

d - oo
-

[ ]

kb N II.I'.I-I.I. n
h B

* F

L]

* o W
L I A A

o F B F F b R

| .
-r
| o

& &+ a

-
*
-

L4
"
4 F
[
+
+ &
4 &
d & b d & B

L]
]

[ I |
r
[]
-

]
L]

l'_l‘
*
L]

L

4 @ % % 4+ % 1 ¥ F 8§ ¥ F E & &

+ + 4

k

-
-~ L]
] ]

L L] *

4 =2 b 4 M A kR oa k4

- = = = o " - = = =

+ = & + F# 4 + & v ¥ ot -
+ + 4 +

1

+
+ + LI
-

| |
]
[ ]
| |
- .
]
[ ] . I‘l r r -
"= EEEEE ] - - F F 47 FU YT FEEF R AN
hE B A AdE AR BRI LT T e m T L - =
4 B F F I FERI L I L DL B e
] = moE = B e m om ok Trm omomom
L | h W r % ¥ 1T FTTFLrTTT
] - rm T & =
|
]
I |
[ ]
] - .
L | | |
- h L I *
. ] E N EE EE EEE®N *
r H E N E N E N NN NN [ ] = %" " WYY EEEE T YTWFAE
n N L] L]
. = ] L ] A & * = .
K L n "o L | 1.-'1 +*r + 1.-|-1--|+*r'+ LT
- -
a L + + + ¥k = + 4 T ---r- 1--1
i_l- r - [ ] + u "
. - & u + L]
L | LI N Y | L ]
] - N W oh R oA & - n - -
= L I | B Eh %% "% b Fr T =& t & v & 4 I B E I Bl A R FEFIRN * * r
. . P 1Y - r F + 4 w4 4 + 4 - 4 +
LI E E h AW [ ] * ]
-
-k | L |
-
[ ] -
| | ]

- m k= = - & W =m = =
4 * A Bw" rr F+ F+dowdo4
LN S ) * -

+
-

L |

* d vk ko ok

= & o & &+ #
+ F + +

L]

- d

-+

-

1
-
L]

+ + + w & + 4 + F + + 4+ T &

Ll
+ + 4

r &
-

-
oy
k
-

*
L
r b
* 4 + =
-

*F m = = m o= = om ok ('8 (s = = om - [ ] -
SR A NN RN IENEEENREREIDRDEEEREEINELEIEENDNEEDRDENNLN.]
L T T N | B W W -

- = ow oweom - = o=

= &t ¥ 4 T R T FTr

YRR EE R R TR L L — %+ v r w7
- =

+
-+
+

-
L B |

-
+ =+
+
L

4
* 4 + F T

o
"

- -
EN)

L]
L
»
|

-
+ ¥ =+

Lk
P N
n
LR
+ 1
+

+ & d
[ ]
L]

+ 4
]

v m 4+ W m = == L]

- & * o+ - T
= R SO R T S N B * R I N h & x T T T T 'r-r'rlﬂ
- T B T " " " Yy E N NN ---l-'q.-------iﬂ_
1 L] v ¥ 4 n F m h 4w d | I I . | I '!T“'I!I!TT'!"_H [ I |
LR K B * 4 * r T o oa + .111."-‘--?..
o om
N

L] r

T F b -
r 4 1]

- B F & A 4+
+ =+
-

L
*

+

LI I

L4

LI
&
*

L |
-
+
+

]
L]

L |
-
+ 4
-
)
- ok d

-
- =+ 4 4

*
-+ + 4 + ¥

L]
+ +
* + + 2

+ 4

L 1 %+ &

- ik
m ok R ok kA & n =
- & o+ H H N N k& B W W R w o4 H HE & B &k B B B B &
r = v + <+ F + + 4 4= B & 4= 4 4 B 4 4 L] ™ " " kA 4 . L] LI
T T = v r =k 4o 4 & - & 4 & 4 4 4 B & " FEH EHEE & B 4 L E & 4 & & . [ 3N B I Y
" ¥ ¥ FENF FWNOFEFSNFY PN REE WY AN 1 [
- - . L - -
h

L] ]
+ k1 2
ok A

o

-
*

+
+
-
o
|

o kb kol

[ B
4+ +# 0 4+ F 8 F F ¥4

LI

= 4+

l‘i-ll-ll-l‘._-!‘i'l"l‘
d & & 4 & F ¥ &
*
L N
C N B N A |

* F 4 &

Asw
r Faua

LS
L I e B
- k o+ &
= + 7 A nm
+

h o & F & 4 o KA d & kE & & F & 1
[ J
o

A

L
L

F

| ]
IIII

[

n

]

+ & % & &

- Ew
LI

- L]
+ ¥

L |
-k

]
]
d & b o+

- - 1 . P A .o . Co . P . P .. . . - . P -
Py or - .- - ' [ R T o " T
N '. » - . . . - . . . - . . . . . . . . . - . . . . . - . . . . .

- wr =
- T T T 7 C e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e C e e e e e e e e e -

L T R
, A o5 & § 5 & P | T T | v e e - PR B - x s o= PR | P e = m e - T [ - f = = .
A e w eem e W T T T T T T T T T T T T T T T e T T T T T e T T T T T .
A - r A= r a1 r m

o wm e e e =T . - . - . P -

T E o v w v m ¥ wwm h

i N




U.S. Patent Feb. 8, 2011 Sheet 7 of 11 US 7.885,069 B2

-
-
o

||-'-||-|l

-
A

S

L
R

P
[ |

|
‘!..

L L §

" % %" % T "W

1 &
N N W AN
" kAN
&k B kY
h W

= B % B % b4 4
h = &

B E % % % % 0% %% 4% %N
h h B % k
]

v FF T

(]
’
»
r
v
"
[
*
[
#

&*
+* u r F
J

-
i
L |
-
]
L]
L |
L
k|
L |
-
b
L |
-
-
-
-
]
*

]
I

’
-

-
L]
-
L |
)

¥
-

-

[ |
» N |
h B | |
¥ w L ]
r u |
R B ]
| ] ]
| 3 h
* ¥ ]
| I L ]
% L |
L T | L |
L %
L B ) L
L L |
L LY L ]
"W L |
4+ W .
* 4 4
& 4
4 = &
o ]

o F & F &

F a

F & PP
F F F Y F rraveanm

.
|
u
| ]
| ]
[ J
h
[ 3
[ ]
[ ]
[ ]
L]
L
L
L]
L
&
L]
L]
L
¥
»
+
*

s P FFPRF
& 4 & & BN

]

L |

h

h

L |

[ 3

L ] I‘l.l l.i LI I
R B RO R W -

L LT BN W R
L]

|
L ]
L
T % RN “i LR
]
L
L
&

| |
"

I & W™ B R W O w koW &
LA

h b h
LI
L W »
AR IAREAN’
] ™ e
A AR AR AN
LI LY L T
i h & &% kB &% B &
LT

L "

L

L |

L

L

b | H'lii i" A
L | L |

4

L |

L |

&

*

L]
*
L]

]
L
]
L]
]
I

L
L]

L
C I

& 7
¥
it

FERF R
- 3 8o
* -

»
-
L]
L]

-
-

LN N

| ]

| I ]
]
h &
| ]
R
L ]
L I ]
LI ]
L
L |
- &
" &
T &
L I
L T
L
| .
-

]
LI I I N I R I R T WY

L
"
L
L
&

4+« &4 B b 4 = L]

. -
-
L R
* +
. =

L

-

LI I I B
LI B I B
% L b o+

& B & & W
+ % K ¥ *
- b+ a4
a b F & b B B
* & + 4+ & 4 4+ x
w & & W & W

]
L ]

>
+ o+ & B F ¥

4 &% % 4 -

-
L

L
& o % & wm o b o oW

* & A
4 = % @ d F &+ F F

(NN N N B N R A
- k¥

-
L]

L |
L ]
*

L B T )

L]

L]
L]
L]
1*“i L.
L]
+
L]
+

" Ok W A & B
]

|
= B F F B &

- " * & b koW
-

o+ & *+ &+ F P

%
L]

™ B +

L]
4
]
- B & 4 & @ B B E & B & & F &% LI )
= B N ] I B & B 8 bR B &
* B N &k o+ R T N BN R A R W A & -
a Bk 0 L B ] L L W N I ] N " R 4 % F AR R R T e ooy
r B 7 0 kB kN i 8 F b &L & & 4 L L
] L h ] | h h h & -
HEE " RN W Ok R R E W W - 4
| | | | a | L %
o R & B A b k b & b % NN - *
| | a [ ] L]
]

L1 L]
B B B B W F B | N LN |

- F & F P

o F F F F FFFFPFERBELAB

= b &R @
b b B A B & % L EH B
B B & & b B F R EF I

]
[ | k
& b B & 2 & & b % 4 L B
| ] *
& b B & B % % % % 400 4 % &
] ] " h w W
kR R E YT % %Y 4T Y AR
h k %k 4 &
= F & b & F B A& BFPF & & & &Y %" YRS
h B W ] L | " B % &%
. B B Kk B & B B B B @E FE B E T % % 0 OCROER 4R
% b b L | L] LI
L L] L
L | L]
L | L]
L L]
L | L]
L)
[ ]

L O
o

or

L

FrFFrew
a
P+ ¢ F &

¥+ + &

»
FEF P FE & ol P

+ & &

F Fr " B " =
h &+ &

L N B

L]
L
- 41 4

BB E % W FREWFWFILEBS % 5% 5% 5% % % % 34
LI BN I A % b b 4

L I - -

L] B Bk kAR " A+ F 4 R
Bk B A b b L b & E b % & b bR Lo oA s LR T ek R s
B k& E & &

LI B B I-I

r
F
]
¥
F
[
¥
I
[
I
FIE !'l F P B F F " EEEN
*
.
i
|
*
1
*
*

*
L N N I N I B D D D B N N A |

Bk k& L
“I.-'I-I-III-IiiiIti

& F F r rrFrrrrvyeia

[ ]
i
L
[ ]
| o
-
+
+ &+ i:* & &+ & F 4 & F F & F P
+
-
F
L
1
"l
|

a
* % b + & = &k & ¢ F 4 5 & F FF R A

[
[
”
| I
"
LI
"
»
]
[

o+
& 4 4+ + F 4+ &+ F % &
- & w r =
¥ & K §F 4 5
[ I
« & & = -

]
'
*
| 3
L
=
'
r

L TR T I

+* & o b o ik = > & J P FF R

& F F F & F 455 F FFF1a1nm
= F & # F # #F F B B F F &

-
L ]
-
L 4

&

e & 1 k8 kP FF R RRDN

L
L .
L L]

L]
*




US 7,885,069 B2

Sheet 8 of 11

Feb. 8, 2011

U.S. Patent

300

QN
-
N




U.S. Patent Feb. 8, 2011 Sheet 9 of 11 US 7.885,069 B2

h B Ok

LU PRI T i T

-'I-'I..'I'--
Tk hh AN
L LRI ]

L}
[
r
-
d &+ FFF a2

[ i o

"
‘F'
-
L

-

LA B

r

3

Ll

L S N B N |
L

Kl

!-"1.!‘.!

902

]
.!
- rrm

[ 9
H B H L E kKR E B EE

'r

-
.I.. L i . . . LI N I-|"I I-.‘I"I“
e d s = 4w + b L]

[ ] . * 4 1

-
r
rFarr

-

-
<

"
-

4
4 o
Trw
1 ’
LI LK |
4
4

T r
L B

+ F F F % ¥ 4 + 4 +

-
FF ¥ &+ 4 + 4 +

o & 4 L1
.
a4

+ F
[

- T

-
F % F % F 4

+
-
L
+
Fs

T
=

EL i-*l‘l-#lﬁltl L}
b L ]

+
-
L
-
+
-
a1
*

A

+

- T T = = = rFror
T v v v vy 17T FoeT*T ¢t TroT-T

] T L
BN B OL ok Lok bk ok . kN NN E N RN RN
"t Lo

'._',r ._"rr

,I

P

T T Fr T Frumw




U.S. Patent Feb. 8, 2011 Sheet 10 of 11 US 7.885,069 B2

. “i.‘ ::.l:':-

i
LIC B
- - L

T

n Li."'
RN

r*lr‘llr‘il*r

k

- T T o=
rrT t TTTTTCT TT~*™TT
' ' . T 1 - - = Fr Fr o7 n

'
w 4 -
1

.. r
T + W T T T T FET T T T T

= T F ®W T T T PFEPT FTWTTTPFEFLESTTTTFEQPTYT TT T FPRTT

* % F FF * 4 + * F
- r

F @I F ¥ rF rFrF r-raars

T
L |

LY - - r = " mEm - = - = = r = = = - = o
L R n L I B B B ¥ F ¥R " " §F FYFrY T FFFFEFFr FTTF FRYTrTYFTS-SFY Y FLYTrFEFE7g
- r = =T T T T -TTTA T - =-rFrTA"-=-T=-rFrTT"=-T=-rT7T-"-
- T rm r T 3T ER

[
b
+
a

+
L |
oA+
’ L |

E A 3
|

]
rrr e

+ - u
+III"'I-I - * B B E BN BREBF TN

[

. ‘_1.141*! 1"1

+ v T AT T TTTE R

= k4 4 2 - -
T

1 '

+ = 5 F B 4

r 4+ + A -+
L& L aa & B A & &

+

FF FJoOF FF 1 aEERBR
L u

= * kB B B F ¥

+-‘-.-.-.-_r+.‘1.
LBE

* +

- o=
O
' . . i

2 = = =

F* FEFRT

+ & d 4 + r T T
B L B & a & h b b & d 3 & m o &k &
L

t
L L
a4 L= &

- r LI
- - -
-
= - -
]
L - L]
-
] + L
L | "Il
1 L L]
- -
LA h
L] L]
- -
= L od L1
» LI T
* LY + 1 % 4
- L]
+ =
- -i--i-i-illiii+il

F

-+---|.-l|.d|q-i:
kA

+ 4
LR ]
* L
b I

-
4 4
-

+
L]
-

-I.".--‘«-I‘-I.-.|| 1.14 14. :-I-

P F # O FFFFFIrrrrFr rFri1i i BB R

-
L] - o B B B B L ]
= % B W w N LI | HE E B EEEBR
L LN B B B = 7 %" I N I B EHE1
= == ' L] -

a F &2 = = F 2 F rF®prFrF

-
n

]

rr
]
]

+ -
]

L]
-

3
i
"
r

L]
-
a

] l'*
r l|_l

a &+ F -
r

]

LB B L I
raw
-

- om - - . -
L B L B
L] T TT T T8

. R
ot T e -rlﬂ_l-ll'-:-l_h -




U.S. Patent Feb. 8, 2011 Sheet 11 of 11 US 7,885,069 B2

LI
“ B %

- 0w

T " B RET EAY

ok

L |
4 r T =
+ u T+ 8 ¥ 5 R
! + #Iq'iir 4
L | ¥y + 1
R AT TS,
L]

L

L]

+*

L
+ o4+
+
- e
* PR ¥
AT B
L] - o = A L] -

LI ]

L T ]
L |

T hFE LR %A
- s E
LU N T B N
B i k% 4% 14
LEL IR TR DL L B B B O B
L]

F ]
-
[

L] L]

LU LT BT B BN N O

* F % k% LA

T " WU Y TOROWY
L]

- a m T mom W
4 % ¥ ¥ F FEFF
T - r = + om s F
r T - r T = T T
¥ W ¥ F §N ¥F¥F§F P
- r - -

LI B B
L ]

Ll B
Fod F

L]
]
+
+
]
L]
]
]
L]
]
-
L]
]

L
-

T L L |
- R - kR

T Fr T TEFET TS
- - T T T T
- rm

+ - -

‘1‘ﬁ.\~1 . ‘1 T
N R OEEERW LTE R

* & F ¥F &~ 5 = F

L]

A F 4 B2
. a

LA B I |
d
4+ & F &
a

s F & 8 FF

= o=
+ 4 4

4
=t 4 3 * b kbt ekt g

+ + A + ¢ +
. .

)
L

]
F
]

d = F F F F o Fd & F dd -

L
* 1 &
L]

L] L

1
[ LN | L]

L LN T * % 1T h R * L]
L L Lo | L]

L
»

L]
L]

-

r

r
FEFS RS
-

LI I ] L]

L

s = F F ®# r ¥ fFE>F>rs-e

LR
L ‘k‘h‘l‘k‘tﬁl‘l‘i

1+ = a4 &5

L N N B N O

LB ]
# F -

L I - R W = m - - - LIRS

L LI IR LTI N T N T I L S N N N T T LT T T

T h kB LI IR L T R N N TN I T O N N O N L O N N O
N % W OW A Y W OE N W E A %W W AW W KN LW EERWWAEBN

% kYo
LT T

FrFrFrFEq
¢ g F & Fr A

L
" W
n

rr

LT L
LI N T T N
- =W RN

-
NN N A NN N N N,

LN T BN
% i‘$ L I

£ rrrFFSFrEeFr

]
F ]
]

[ ]
£ F A

4
L]

‘1'|
LK |
L I |
4
=

[ Jd
[

|
F 14+ F2

-
l'l_-l
-
L

L

L

" " T " "EAN
LB B
L

L1

"
L)

+*
*

o,

1.

" il
r
I
[
r
r
r
L ]
#
P

L
*

- L
o kR kAR RN
Bk F i ki B
N bR R R R RN

u

= & &
- F +
- mom

L T L]
B b b bk b F & & L & R L K& L I
L I B Y [ 3

= L 4 k4 L}
F o+ oA a

»
-

r
-
4

- F s F X
£ F I FrEFI
+ F I ¥ F

F

]
]
r

B o 4 b h ocmd A 4

. r F F I
-

r
-

o ok kd
-
+

| |
4
e — e e m e e = 4k oadk e e e
' @ * gy pyg sy ygun*prph ¥ T WA ¥ FF FSFFF I
r - T T - r 9 - T - r T T EFE T ™

F R A B BN
fFF PP rFFFr P
L

*
-

[
I Bk EEEE R LR
EF F &% & [ ]
Rk EER E N kN

rTYy rrrrEvyroervy

[
[

r
nF

= 0 b = kb BF oA
W m ow o howr o kbW
-

o

L
L
+*

LN N O ]

T § T Fp YT T FpT ¥ QT
-_— + + 1 + + n
— 4 4+ =2 L 4 kb o= oa R
- w m o W -+ - =

’
fF A A B R

r
o d o & 4 # & B F B B F
o B F F F F 4 4 oF B F F F F F F J a9

rFrfrfrrrersrrerev

o,
& fF d F Fr m FkEPR -F- EF F B FdprP lrf F Bk ¥

A F F B F B F AP A FF R F RS A

rFr AP rrFPrey

- r v w
- T
L]

r

L
- 4 H = %" k"%
T A W kY W R WA
LI B B T B T TR R YN R YR
L ] LI LI L I I Y
LR T I B . &k mm b h
L ]

-k r F

[ . B N N I
- r 4 m

-
L]

- r T T T
T P T T T [

L N I N N

-

a
r
[

= T T m T T m
Fa ¥ ¥ 5§ ¥ ¥ ¥ F 3
r = = T r T e T -

-
F_ N

Fu
-

-
+
& o N F F RSP

FIE N

L S
L3 B |

-

-
-

LI N B B

I R R )
-

oA

+ v b
T+

]
-
+
+
L
i
+ r =

F
-
*
- -

r

LY
R RN - -
LN AR &

LI O ] -

- -
& % AT WA L] LR ]

LN N A
*
[ J

A F RS
[
+ &

- %

LY
»
HE W= kN

4

d o o o 4 4 o

- om
LN B |

LS - F

% 4%

L I I
. -

r
a -

I
+ o+

L]
[ F

L ERE N
v Fr

L]

"
£ rr Frrrrr

J'F#J'F r

- v = - T = o =y ==y = o =y

T W T F ¥y T gFr L B | T . . L} ¥ " F YT Y FT SR TN WRERE FTE TN
D . B ks . ] [t r v o - n + F 4 x rrT T T T T AT

= e = oy = ko b doa - * - - - - -, = r o = = oy = oo
D I N B N A B B L] 1T ¥ F T FoF T . . L} T % T FTYTTFYETTTEFTFTTRE
. rr u — v v — F 4 r = T r T . + r m T r = ¥ ¥ *rFr - 1 *r r

4

- - * a

- - T - - -
T T TFYT®FT FILCNE
T T T TTT N

-

L]
L |

4
LK B

LN
1 % &k & r -
= LI BT R

L]
[ ]
L]

+

LR}
- g ko o= = o
r % ¥ rt vk www oy
- - r T
* & L . - r -
- 7P % * FrTTPTFTT
- T e 1T ow -

Flal Tl =Tl =TT

- rT T N *
H = 3 &2 m a4 am a

LI LT L
b L AL L B L N L L
- L] - =R W W W W W N W -
B Dbk kdkwid 4+ 1 . . LI T T N B N N T
UL - - n A W % R oL
=

r = - + -
A A N N EEE R I TN LI I LY
For %k oh b ok oh kb
= b 4 kL B & 4 % 5% 4 9 % &
L]

=

- LI T

T Y kWL oW 4AN

LI L L

T h bR AT hwow b
1‘+ +

LI
L
- EL T - E K]
B &% R o4& b K R FE LS odd 4
= W % E % o w E ok okowochmodhow ok
-

-
-
- . - ™ . -
] LI |
. . L% -
L » i
L
- - - +
I % F B % b B & BB k1B BB *
R EE A EER R ER ] - T
N LI L

ettt

]
L

- & W L}
-k 4 w h &
L}

L
" rF FrF &
T
Frt
L

-
L
]

-
-

-
L]

-
]

-
-

" % WM OFE W EFEEN T N RN "
bk Ili.h h b I.I 1 & B

wr
, a2 m o &2 = 3 - . - » » - 5 = »
T T T ¥ T rT TEF . ot R o= = ¥ * FTYT ¥?*YT®¥Y T FrrTwTprFrTTH®®TTTO®
- r T = 1 T W = w T = w2 . . . = 7 T F 7T W = T T = F 71T E T T =
A& W R A m 4 N N A N N & =N & & = . m A W E A E N A N R E N5 E N &
- w - v r - . . . . - - w rw T -




US 7,885,069 B2

1

IMPLEMENTING ADAPTABLE THREE
PHASE MODULAR LINE FILTERING

FIELD OF THE INVENTION

The present invention relates generally to the data process-
ing field, and more particularly, relates to a modular line filter
connector for implementing adaptable three-phase power {il-
tering.

DESCRIPTION OF THE RELATED ART

A switching power supply produces noise that 1s fed back
to the power cord into the mains building power system. This
connection provides the power necessary to run an associated
system. The noise cannot exceed a legal level as defined by
the country regulations that outline the EMC requirements for
that country as well as any worldwide requirements that are in
place.

A problem typical with many existing systems 1s that the
systems are space constrained and may not have the room 1n
the power area to provide the full filtering that may be needed.

Short development cycles can be adversely affected by
providing an available component that needs to be verified at
final system test. Fully populated systems usually exhibit
increased noise due to the increased current or increased
content in the system enclosure.

A need exists for an effective mechanism for implementing
adaptable three-phase power filtering.

SUMMARY OF THE INVENTION

A principal aspect of the present invention 1s to provide a
modular line filter connector for implementing adaptable
three-phase power filtering. Other important aspects of the
present invention are to provide such modular line filter con-
nector for implementing adaptable three-phase power filter-
ing substantially without negative effect and that overcome
many of the disadvantages of prior art arrangements.

In brief, a modular line filter connector 1s provided for
implementing adaptable three-phase power filtering. A plu-
rality of selected modular components defines the modular
line filter connector. The modular components are selected to
adapt the modular line filter connector for different filtering
applications. A pair of outer cylinders provides power-filter-
ing connections for the modular line filter connector. The
power filtering connections are provided with each selected
modular component. The selected modular components are
mounted spaced apart along a length of the modular line filter
connector.

In accordance with features of the invention, the modular
line filter connector 1s an integral power connector to a three-
phase power system.

BRIEF DESCRIPTION OF THE DRAWINGS

The present ivention together with the above and other
objects and advantages may best be understood from the
tollowing detailed description of the preferred embodiments
of the mvention 1llustrated 1n the drawings, wherein:

FIG. 1 1s a schematic diagram representation illustrating a
modular line filter connector for implementing adaptable
three-phase power filtering in accordance with the preferred
embodiment;

FI1G. 2 1s a fragmentary cutaway perspective view 1llustrat-
ing an example cylindrical connection arrangement including
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2

a pair of outer cylinders of the modular line filter connector of
FIG. 1 1n accordance with the preferred embodiment;

FIGS. 3 and 4 are respective exploded perspective views
1llustrating interior details of the modular line filter connector
of FIG. 1 1n accordance with the preferred embodiment;

FIGS. 5 and 6 are respective perspective views 1llustrating
assembly of the modular line filter connector of FIG. 1 1n
accordance with the preferred embodiment;

FIGS. 7 and 8 are respective perspective views 1llustrating,
an example filtering plug of the modular line filter connector
of FIG. 1 1n accordance with the preferred embodiment;

FIGS. 9 and 10 are respective perspective views illustrating,
turther assembly of the modular line filter connector of FIG.
1 in accordance with the preferred embodiment; and

FIG. 11 1s a fragmentary perspective view 1llustrating a
completed assembly of the modular line filter connector of
FIG. 1 including an example plastic covering placed of the
assembly 1n accordance with the preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with features of the invention, a modular line
filter connector 1s provided for implementing adaptable three-
phase power {iltering. A plurality of selected modular com-
ponents defines the modular line filter connector. The modu-
lar line filter connector advantageously is easily adaptable for
various filtering applications by using different selected
modular components.

Having reference now to the drawings, 1n FIGS. 1-10, there
1s shown an example modular line filter connector for imple-
menting adaptable three-phase power filtering generally des-
ignated by the reference character 100 1n accordance with the
preferred embodiment. Modular line filter connector 100 1s
formed integral with or residing within a power connector.

Modular line filter connector 100 implements an adaptable
filtering arrangement for the three-phase filter. Each switch-
ing supply can exhibit a different type of problem for the filter,
namely, common mode vs. differential mode or a combina-
tion. Modular line filter connector 100 includes different
modular components that are selected to adapt the modular
line filter connector for different filtering applications.

For the adaptable modular line filter connector 100, a plu-
rality of modular components 101, 102, through 112, are
provided to form needed impedances within the connector. As
shown 1n FIG. 1, component connections are provided for
cach power line phase, Phase A, Phase B, and Phase C,
including Line to Line (or neutral if single phase), Line to
Common, Common to Shield or Protective earth, and Line to
Protective earth.

It should be understood that various other arrangements are
possible to implement the filtering circuit of the modular line
filter connector 100.

FIG. 2 1s a fragmentary cutaway perspective view 1llustrat-
ing an example cylindrical connection arrangement 200
including a pair of outer cylinders generally designated by the
reference characters 202, 204 of the modular line filter con-
nector 100 of FIG. 1 1n accordance with the preferred embodi-
ment.

Cylindrical connection arrangement 200 allows selected
modules to be mounted between portions of the outer two
cylinders 202, 204 along the length of the adaptable modular
line filter connector 100. For 3-phases including Phase A,
Phase .B, and Phase C, then 4 connections per phase are
needed to provide a total of 12 connections, as 1llustrated in
FIG. 1. A group, for example, generally designated by 206 for
cach phase, or three connection groups for 3-phases are
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spaced 120 degrees apart, with 4 locations spaced apart along
the length of the connector 100, such as generally indicated
by 212, 214, 216, 218. Then, for example, a line-to-line
connection 1s indicated at 220, a line to common connection
1s indicated at 222, a protective earth to phase connection 1s
indicated at 224, and a protective earth to common connection
1s indicated at 226.

FIGS. 3 and 4 are respective exploded perspective views
generally designated by the reference characters 300, 400
illustrating example interior details of the modular line filter
connector 100 1n accordance with the preferred embodiment.

FI1G. 3 1llustrates a plurality of power filtering connection
components 302, 304, 306, 308 included in the interior
assembly 300. The power filtering connection components
302, 304, 306, 308 include a respective outwardly extending
prong member providing integral power connector connec-
tions to a power system. For example, component 304 repre-
sents a Phase A power filtering connection component. Com-
ponent 306 represents a Phase B power {iltering connection
component. Component 308 represents a Phase C power {il-
tering connection component. Component 302 represents a
Ground power filtering connection component. The power
filtering connection components 302, 304, 306, 308 provide
mating power connections to an associated mains building
power system (not shown).

Assembly 300 illustrates example phase components 302,
304, 306, 308 for connections of the adaptable modular line
filter connector 100. The ground component 302 and phase
components 304, 306, 308 are attached to generally cylindri-
cal connecting members that are overlapped within the modu-
lar line filter connector 100 to allow connections between
ground and phase components. A phase connecting cylindri-
cal member 310 1s provided for connecting to one phase and
includes an inwardly stepped portion 312. As shown 1n FIG.
3, the phase connecting cylindrical member 310 1s located
below the phase component 308. A ground connection mem-
ber 314 1s shown that 1s a generally flat, circular band mem-
ber.

Assembly 400 further illustrates interior details of the
adaptable modular line filter connector 100. A phase connect-
ing cylindrical member 402 1s attached to the phase compo-
nent 304. A phase connecting cylindrical member 404 1s
attached to the phase component 308 and provides connec-
tion by overlapping the phase connecting cylindrical member
310. The phase connecting cylindrical member 402 includes
a ledge portion 406 at a distal end spaced from the phase
component 308.

In FIGS. 5 and 6, a next sequence of assembly generally
designated by the reference characters 500, 600 1s shown of
the modular line filter connector 100 of the invention from
inside to outside in accordance with the preferred embodi-
ment.

In assembly 500, a ground connection member 502 1s
shown forming an interior elongated grounding plug that
generally traverses the length of the connector 100. A ground
connection member 504 encompasses or wraps around the
outside of the member 502 for connections to other points.
The ground connection member 504 includes a plurality of
generally circular openings or cutouts 506.

Assembly 600 further illustrates the adaptable modular
line filter connector 100. A phase connecting cylindrical
member 602 provides a common connection, which, for
example, essentially floats above the ground connection plug
member 502 within the ground connection housing 504 to
provide an interconnection to the phases and ground. The
phase connecting cylindrical member 602 1s an elongated
member extending along the length of the connector 100.
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Retferring now to FIGS. 7 and 8, there 1s shown a filtering,
plug generally designated by the reference character 700 of
the modular line filter connector 100 1n accordance with the
preferred embodiment.

In accordance with features of the invention, a selected one
or more of multiple filtering plugs 700 1s selectively provided
within the connector 100 based upon the particular filtering
requirements. Each of multiple filtering plugs 700 includes
discrete X1, X2 or Y1, Y2 capacitors (not shown) for
example, mounted on a board and contained within the plug.
Alternatively, plugs 700 can implement discrete components
whose form factor 1s 1n the shape of the plug itsell.

The filtering plug 700 includes a threaded perimeter 702
that 1s threadingly received or screws in place 1 any of
multiple specified positions within the adaptable modular line
filter connector 100. Each of multiple filtering plugs 700 1s
removable and can be replaced with a different plug 700
based upon the filtering requirements for a particular appli-
cation. The filtering plug 700 includes an interior recessed
portion or slot 704 on a first side 706 as shown 1n FIG. 7. An
opposite side 802 includes an electrically insulating portion
804 and a central outwardly protruding portion 806.

The plug outside threads 702 make mechanical and one
clectrical connection while the interior outwardly protruding
or inside bump 806 forms the other terminal for the passive
component.

FIGS. 9 and 10 are respective perspective views 1llustrating,
further assembly respectively generally designated by the
reference character 900 and 1000 of the modular line filter
connector 100 1n accordance with the preferred embodiment.
Assembly 900 1illustrates all outside phase connection rings
with an additional phase connecting cylindrical member 902
having a ledge portion 904. The phase component 306 1s
attached to the phase connecting cylindrical member 902.

Assembly 1000 1illustrates all outside and inside phase
connection rings with a phase connecting cylindrical member
1002 providing a connection of the phase connecting cylin-
drical member 902. The phase connecting cylindrical mem-
ber 1002 includes a plurality of generally circular openings or
cutouts 1004. Filtering plugs 700 screw into or through the
openings 1004 for connections at a selected position within
the modular line filter connector 100.

FIG. 11 1s a fragmentary perspective view 1llustrating a
final assembly of the modular line filter connector 100 1n
accordance with the preferred embodiment. The completed
modular line filter connector 100 includes an exterior cover-
ing or housing generally designated by the reference charac-
ter 1102 covering the modular line filter connector. The cov-
ering 1102 1s an electrically insulating housing, for example,
formed of a plastic material. The final plastic covering 1102 1s
placed over the assembly of the modular line filter connector
100 to 1nsulate the interior components from the outside for
environmental and safety purposes.

While the present invention has been described with refer-
ence to the details of the embodiments of the invention shown
in the drawing, these details are not intended to limit the scope
of the mvention as claimed 1n the appended claims.

What 1s claimed 1s:

1. A modular line filter connector for implementing adapt-
able three-phase power filtering comprising:

a plurality of selected modular components defining the
modular line filter connector; said modular components
being selected to adapt the modular line filter connector
for different filtering applications;
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a pair of outer cylinders providing power filtering connec-
tions for the modular line filter connector; said power
filtering connections provided with each selected modu-
lar component; and

said selected modular components being mounted spaced
apart along a length of the modular line filter connector.

2. The modular line filter connector as recited 1n claim 1
wherein said pair of outer cylinders providing power filtering
connections mclude overlapping cylindrical portions provid-
ing line-to-line power filtering connections.

3. The modular line filter connector as recited 1n claim 1
wherein said pair of outer cylinders providing power filtering,
connections mclude overlapping cylindrical portions provid-
ing line-to-common power filtering connections.

4. The modular line filter connector as recited in claim 1
wherein said pair of outer cylinders providing power filtering,
connections mclude overlapping cylindrical portions provid-
ing common-to-protective earth power filtering connections.

5. The modular line filter connector as recited 1n claim 1
wherein said pair of outer cylinders providing power filtering,
connections include overlapping cylindrical portions provid-
ing line-to-protective earth power filtering connections.

6. The modular line filter connector as recited 1n claim 1
wherein said selected modular components include a filtering,
plug.

7. The modular line filter connector as recited in claim 6
wherein said filtering plug includes a threaded perimeter por-

tion; said filtering plug threadingly received within the modu-
lar line filter connector at a predefined location.

8. The modular line filter connector as recited 1n claim 7
wherein said threaded perimeter portion of said filtering plug
provides a mechanical and an electrical connection.

9. The modular line filter connector as recited 1n claim 6
wherein said filtering plug includes a generally central out-
wardly extending portion providing an electrical connection.

10. The modular line filter connector as recited 1n claim 1
includes an integral power connector to a three-phase power
system.

11. The modular line filter connector as recited 1in claim 10

wherein said integral power connector includes a plurality of

outwardly extending prong members.

12. The modular line filter connector as recited 1n claim 1
includes an electrically insulating housing containing said

plurality of selected modular components and said pair of

outer cylinders providing power {filtering connections.
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13. The modular line filter connector as recited 1n claim 11
wherein said electrically insulating housing 1s formed of a
plastic material.

14. An integral power and modular line filter connector for
implementing adaptable three-phase power filtering compris-
ng:

a plurality of outwardly extending prong members, each
providing integral power connector connections to a
power system;

a plurality of selected modular components defining the
modular line filter connector; said modular components
being selected to adapt the modular line filter connector
for different filtering applications;

a pair of outer cylinders providing power filtering connec-
tions for the modular line filter connector; said power
filtering connections provided with each selected modu-
lar component; and

said selected modular components being mounted spaced
apart along a length of the modular line filter connector.

15. The integral power and modular line filter connector as
recited 1n claim 14 wherein said selected modular compo-
nents include a removable filtering plug.

16. The integral power and modular line filter connector as
recited 1n claim 15 wherein said removable filtering plug
includes a threaded perimeter portion; said filtering plug
threadingly recerved within the modular line filter connector
at a predefined location.

17. The integral power and modular line filter connector as
recited 1in claim 16 wherein said threaded perimeter portion of
said filtering plug provides a mechanical and an electrical
connection.

18. The integral power and modular line filter connector as
recited 1n claim 15 wherein said removable filtering plug
includes a generally central outwardly extending portion pro-
viding an electrical power filtering connection.

19. The integral power and modular line filter connector as
recited 1n claim 14 wherein said pair of outer cylinders pro-
viding power filtering connections include overlapping cylin-
drical portions providing line-to-line power filtering connec-
tions.

20. The integral power and modular line filter connector as
recited in claim 14 includes an electrically insulating housing
containing said plurality of selected modular components and
said pair of outer cylinders providing power filtering connec-
tions.
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